VOYAGER 1 + 2

RADIQ OCCULTATIONS BY SATURN AND TITAN

77-076A-02E
77-084A-02¢
77-084A-021
77~084A-021

#629




VOYAGER 2
RADIO, OCCULTATION, SATURN ENCOUNT

77-076A-02E

This data set has been restored. There were originally two
9-track, 1600 BPI tapes written in Binary. There is one restored tape,
The DR tape is a 3480 cartridge and the DS tape is 9-track, 6250 BPI.
The original tapes were created on a 8250 computer and the restored
tapes were created on an IBM 9021 computer. The DR and DS numbers along

with the corresponding D numbers are as follows:

DR# DS# D# FILES TIME SPAN
DRO04839 DS004839 D059815 1-2 08/26731 - 08/26/81
D059816 3 -4 08/26/81 - 08/26/81




VOYAGER 1
RADIO, OCCULT,TITAN ENCOUNT (MED)

77-084A-02G

This data set has been restored. There were originally eight
9-track, 1600 BPI tapes written in Binary. There are three restored
tapes. The DR tapes are 3480 cartridges and the DS tapes are 9-track, 6250
BPI. The original tapes were created on a S250 computer and the restored
tapes were created on an IBM 9021 computer. The DR and DS numbers along

with the corresponding D numbers are as follows:

DR# D3 D# FILES TIME SPAN
DRO04844 DS00C4B44 = D0O59817 1-2 11/12/80 - 11/12/80
D059818 3 -4 11/12/80 - 11/12/80
D059819 5 -6 11/12/80 - 11/12/80

DR0O04845 DS004845 DO59820 1 2 11/12/80 - 11/12/80
D05%821 3 -4 11/12/80 - 11/12/80
D059822 5 - 6 11/12/80 - 11/12/80

DR0O(04846 DS004846 D059823 1~ 2 11/12/80 - 11/12/80
D059824 3 11/12/80 - 11/12/80




VOYAGER 1
RADIO, OCCULT,SATURN ENCOUNT (NAR)

77-084A-02H

This data set has been restored. There were originally five
9-track, 1600 BPI tapes written in Binary. There are two restored
tapes. The DR tapes are 3480 cartridges and the DS tapes are %-track, 6250
BPI. The original tapes were created on a S250 computer and the restored
tapes were created on an IBM 9021 computer. The DR and DS numbers along

with the corresponding D numbers are as follows:

DR# DS# D# FILES TIME SPAN
DRO04842 DS004842 D059825 1 -2 11./13/80 - 11/13/80
D059826 3 - 4 11/13/80 - 11/13/80

D059827 5 -6 11/13/80 - 11/13/80

DR0O04843 DSD04843 D059828 1-2 11/13/80 - 11/13/80
D05982% 3 - 4 11/13/80 - 11/13/80




VOYAGER 1
RADIO, OCCULT,SATURN ENCOUNT (MED)

77-084A-021

This data set has been restored. There was originally one
9-track, 1600 BPI tape written in Binary. There is one restored tape.
The DR tape is a 3480 cartridge and the DS tape is 9-track, 6250 BPI.
The original tape was created on a 5250 computer and the restored
tape was created on an IEM 9021 computer. The DR and DS numbers along

with the corresponding D number are as follows:

DR# DS# D# FILES TIME SPAN

e - — - _—— e - - - - = -

DRO04838 Ds004838 D058830 1 -2 11/13/80 - 11/13/80




REQ. AGEN] RAND NO. ACQ. AGENT
DAD V0231 WSC

VOYAGER 1 + 2

RADIO OCCULTATIONS BY SATURN AND TITAN

77-076A-02E
77-084A-02G
77-084A~02H
77-084A-021

THIS DATA SET CONSISTS OF VOYAGER 1 + 2 TAPES. THEY ARE 9 TRACK,
1600 BPI, BINARY AND WERE CREATED ON A DATA GENERAL ECBLPSE S$S250 COMPUTER.
THE TAPES ALL HAVE 2 FILES EXCEPT D-59824 WHICH HAS 1 FILE. FOLLOWING IS
A LIST OF D AND C NUMBERS ALONG WITH THE TIME SPANS:

OYAGER 2 77— - T NCOUNTER _(MEDIUMBA
D# C# TIME SPAN
D-59815 ¢-23671 08/26/81
D-59816 C-23672 08726/81
VOYAGER 7-084A— TITAN EN TER_( MERIUMBAN
D# Cg TIME SPAN
D-59817 c-23673 11/12/80
D—-59818 C-23674 11/12/80
D-59819 C-23675 11/12/80
D-59820 C-23676 11/12/80
D-59821 C-23677 11/12/80
D=59822 C-23578 11/12/80
D-59823 C-23679 11/12/80
D-59824 C-23680 11/12/80
VOYAGER —084A—02H TURN ENCOUNTER (NARROWBAI
D# C# TIME SPAN
D-59825 C-23681 11/13/80
D-59826 C-23682 11/13/80
D-59827 C-23683 11/13/80
D-59828 C-23684 11/13/80

b—-59829 C-23685 11713780




VOYAGER 7-084A-021, SATURN ENCOUNTER (MEDIUMBAN
D¢ C# TIME SPAN

D—-59830 C-23687 11/13/80
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Yoyager Radio Occultation Experiments:
The Atmospheres of Saturn and Titan

The exploration of the Saturnian System using the Voyager spacecraft
included duai-wavelength radio observations of occultations by both Titan and
Saturn. This document describes the reduced radio occultation data stored on
magnetic tapes at the NSSDC. A general discussion of the radio equipment and
measurement strateqy is given by Eshleman et al. [1977]; on the basis of
analysis of the radic occultation data, Tyler et al. [1981, 19823, Lindal et

al. [1983], Hinson and Tyler [1983], and Hinson [1983] have reported results

concerning the structure, composition, and dynamics of the atmospheres of
Saturn and Titan. These references should also be consulted for additional
discussion of the experimental geometry, measurements, and data reduction.

Fundamental Measurements and Data Reduction

During each occultation experiment, the Voyager spacecraft transmitted
two unmodulated, coherently related radio signals in right-circular
polarization; the two wavelengths (about 13 cm and 3.6 cm) were in the exact
ratio 11:3. These signals were received with the NASA Deep Space Network
(DSN) 64-m antenna tracking stations, where they were coherently sampled and
recorded for later processing. For the occultations of Voyager 1 by Titan and
Voyager 2 by Saturn, a "mediumband" recording system was employed at the DSN
station. For the Voyager 1 occultation by Saturn, data were recorded by a
“narrowband" system during ingress, and the mediumband system during egress.
Although the formats of the recorded data differed slightly between the two
systems, the same processing steps were applied in reducing both types of
data.

The IDR's (Intermediate Data Records) supplied to Stanford are exact
copies of the original DSN recordings. At Stanford, the data were digitally
filtered and decimated to reduce the bandwidth and sampling rate. In the
frequency domain, the processing filter has the following shape: it is fiat
over the central 80% of its bandwidth, and decreases as a sine wave matched
for continuous slope at either end of the passband. End effects in the tme
domain which result from discrete-time analysis have been removed.

The magnetic tapes supplied to the NSSDC are copies of the filtered and
decimated occultation data; they consist of complex time-domain samples with
supplementary information. A1l tapes are 9 track, 1600 bpi, odd parity, and
were processed on a Data General Eclipse $250 computer,

The contents of the tapes are described briefly in the following table.
Notice that tape SCRA/TITAN 8 contains only one file; all other tapes contain
two files. The frequencies of the spacecraft radio signals are abbreviated as
S-band (2295 MHz or 13 cm) and X-band (8415 MHz or 3.6 cm). Spacecraft names
are abbreviated as V1 {Voyager 1) and V2 (Voyager 2).
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The reduced data from the mediumband and narrowband systems are recorded
in different formats; both are described below. The principal difference is
that the 5- and X-band data in the mediumband format are recorded in separate
tape files, while the S- and X-band data in the narrowband format are stored
in alternating groups of records within the same tape file. Following a

description of the records for the two tape formats, the convention for number
representation is defined.
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Filtered Radio Occultation Data: Mediumband Recording System "7\-o$%¥r%f¢>2%17

Output Record Format

After filtering and decimation, the data from the mediumband system are
stored on magnetic tapes in records each 600 complex words long. The first 88
complex words comprise a header; following the header information are 512
complex data values representing the output from the filtering and decimation

process. The header is arranged as follows:
Integer Mnemonic Data Description
word # type
1-4 T0 D Time of first sample in record (in
microseconds from start of day)
5 TIMETAGDAYS 1 Day number of first sample in record
6 [ Number of complex samples per record
7-8 DELTIME S Sample period (microseconds)
9 BIN I First filter bin for filtering and
decimation
10 DECRATIO 1 Decimation ratio
11-12 F1 S First frequency in passband (Hz)
13-14 F2 S Last frequency in passband (Hz)
15 RUNTIMEYEAR I
16 RUNTIMEMONTH 1
17 RUNTIMEDAY I Date and time these data were processed
18 RUNTIMEHQUR I at Stanford
19 RUNTIMEMINUTE 1
20 RUNTIMESECOND I
33-35  NAMEIN I Input tape name (ascii)
36 INPUTFILE I Input file number
45-48 D Sample number of first sample read
49  TAPEPLAYNUMBER I Tape number from playback sequence
50  RECORDSEQNUM [ Input tape record number (1,2,...,6000)
51  INDEXSAMPLES I Input record pointer (0,1,...)
52  NSAMPLES I Samples in input record
53  RECORDLENGTH 1 Integer words in input record (2528)
54  SPACECRAFT I Spacecraft number (V1 = 31, V2 = 32)
55  SOURCESTATION 1 DSS station number
60 REALTIMESOURCE I DRA real-time recorder
0 = recorder A
1 = recorder B
69  SOURCECHANNEL 1 Data channel played back
0 = channel 1 (S RCP)
1 = channel 2 (S LCP)
2 = channel 3 (X RCP)
3 = channel 4 (X LCP)
81-83 NAMEQUT 1 Qutput tape name (ascii)
84 QUTPUTFILE 1 Output file number (0,1,2,...)
85  OUTPUTRECORD I Output record number (0,1,2,...)
Data type: D = double precision

single precision
integer

[ L 7]
n 1n u




Filtered Radio Occultation Data: Narrowband Recording System
Output Record Format

The filtered and decimated data from the narrowband system are also
stored on magnetic tapes. The first record in each file is 15 complex words
long and contains descriptive information; all subsequent records are 512
complex words in length and contain data. The first data record contains S-
band samples, then the next three contain X-band sampies. This pattern in
groups of four records is repeated for the remainder of the file: S, X, X, X,
S, X, X, X, «.. The first sample in an S-band record coincides with the first
sample in the X-band record it precedes. After filtering and decimation, the
sampling rates are exactly 625. Hz at S-band and 1875. Hz at X-band.

The header record is arranged as follows:

Integer Mnemonic Data Description
word # type

29 HOUR I

30 MINUTE [ Time of first sample in file
31-32 SECOND S

33 DAY 1
34-36 NAME IN I Input tape name (ascii)

37 -DECRATIO I Decimation ratio for filtering

39 SBIN I First filter bin for S-band

40 XBIN I First filter bin for X-band

41 RUNTIMEHOUR I

42 RUNTIMEMINUTE I

43 RUNTIMESECOND I Date and time these data were processed
44 RUNTIMEMONTH I at Stanford

45 RUNTIMEDAY I

46 RUNTIMEYEAR I

Data type: S = single precision
I = integer




DATA GENERAL ECLIPSE S250:

Constants

A constant is a fixed value that does not change during
program execution. The value of a constant can be
arithmetic or logical, or the constant can be a character
string,

See the PARAMETER statement in Chapter 7 for
information on assigning a symbolic name to a
constant.

Integer Constants

An imeger constani is an optionally-signed whole
number. It may have a positive, negative, or zero
value. If you do not specify an explicit sign, the
constant is positive.

An integer constant may contain only the digits 0
through 9 and an optional sign. Leading zeros and

interspersed blanks have no effect on the value of the
constant.

FORTRAN 5 stores an integer in iwo’s complement
form, using one full 16-bit word. The allowable range is
-2**15 10 +2**15-1 (-32,768 to 32,767 decimal). (If the
integer is outside this range, FORTRAN 5 storesitasa
real constant.) An integer’s internal representation is
shown in Figure 2-1.

Bit #

Two's Complement Integer

SD-01204

—— Figure 2-1. Internal Representation of an Integer =

Examples:

- Yalid  invalid

-126 125

0 66,391
+4525 +33333
91

NUMBER REPRESENTATION

Octal Constants

An octal constant (an ajternative way of representing an
integer) consists of a string of digits followed by the
letter K. It must be in the range 0to 177777 inclusive.

You may not sign an octal constant. It may contain only

the digits 0 through 7 and the letter K.
Examples:

Valid Invalid

10K 10K
TITK 777K
1K BOK

Real Constants

A basic real constant is an optionaily-signed string of
decimal digits with a decimal point. You may place the
decimal point anywhere in the decimal string. A basic
real constant may have a positive, negative, or zero
value.

A real constant can be a basic real constant, a basic real
constant followed by a real exponent, or an integer
constant followed by a real exponent.

A real exponemt is the letter E, followed by an
optionally-signed integer constant. You must specify
the constant preceding the letter €, even if it is 1 (for
example, 1E-04 ). The integer constant following the E
may be explicitly 0, but may not be biank.

A real constant may contain only the numbers 0 through
9, the letter E, and the symbols -- period (.}, plus {(+),
and minus (-).

FORTRAN 5 stores a single precision real number in
two memory words, with the high-order word
preceding the low-order word. It must be in the range
5.4 x 10*-79t0 7.2 x 10**-75. It has the significance of
6 hexadecimal digits (approximately 7.2 decimal digits).
Its internal representation is shown in Figure 2-2.

Bit# 0 t 78 15

Sign| Exponent Mantissa

Mantissa

16 3

S0-01203

— Figure 2-2. Internal Representation of a Real Number =




Bits I through 7 in Figure 2-2 contain the exponent.
This is the power to which 16 must be raised in order to
give the correct value to the number. FORTRAN 5
uses Excess 64 representation so that the exponent field
may include negative and positive exponents. This
means that the value in the exponent field is 64 greater
than the true value of the exponent. If the exponent
field is zero, the true value of the exponent is -64. If the
exponent field is 64, the true value of the exponent is
zero. If the exponent field is 127, the true value of the
exponent is 63,

Bits 8 through 31 in Figure 2-2 contain the mantissa
which is in true form. It is a binary fraction with a
hexadecimal point implied immediately to the left of bit
8. The mantissa is always hexadecimally normalized
{left-justified).

Examples:

Valid Invalid
+.005678 $45.67
15.E-04 9,876.53
-005€E2 -65,4E

Double Precision Constants

A double precision constant is a basic real constant or an
integer constant followed by a double precision
exponent. It may have a positive, negative, or zero
value,

A double precision exponentis the letter D, followed by an
optionally-signed integer constant. You must specify
the constant preceding the letter D, even if it is 1 {for
example, 10+03 ). The integer constant following the
D may be explicitly 0, but may not be blank.

FORTRAN 5 stores a double precision number in four
words, and stores the sign and exponent in the same
manner as rezl numbers. A doubie precision constant
has the significance of 14 hexadecimal digits
{(approximately 16.8 decimal digits). Its internal
representation is shown in Figure 2-3. '

Bit #
0 1 78 15
Sign| Exponent Mantissa
Mantissa
Mantissa
Mantissa
48 63
SD-01202

L Figure 2-3. Internal Represeniation ofa Daubie—_.

Precision Number

Examples:

-2198700

- 5.0D-3

+.203D+15




Complex Constants second two words. The internal representation is

A complex constanmt consists of a left parenthesis shown in Figure 2-4.
followed by an ordered pair of real constants separated

by a comma, followed by a right parenthesis. The first

real constant is the real part of the complex constant Exampies:

and the second is the imaginary part.

‘ (3.2,1.86)
FORTRAN 5 stores a complex constant as two real {2.1,0.0)
constants, thus requiring four words, It stores the real (5.0E3.-2.12)
part in the first two words and the imaginary part in the
Bit# ¢ 1 78 15 -
Sign| Exponent Mantissa
Real Part
Mantissa
Sign| Exponent Mantissa
Imaginary Part
Mantissa
48 63
SD-01201

Figure 2-4, Internal Representation of a Complex Constant
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